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FOREWORD
The mission of the U.S. Geological Survey (USGS) is to assess the quantity and quality of the earth resources of the Nation and to provide information that will assist resource managers and policymakers at Federal, State, and local levels in making sound decisions. Assessment of water-quality conditions and trends is an important part of this overall mission.
One of the greatest challenges faced by waterresources scientists is acquiring reliable information that will guide the use and protection of the Nation's water resources. That challenge is being addressed by Federal, State, interstate, and local water-resource agencies and by many academic institutions. These organizations are collecting water-quality data for a host of purposes that include: compliance with permits and water-supply standards; development of remediation plans for specific contamination problems; operational decisions on industrial, wastewater, or watersupply facilities; and research on factors that affect water quality. An additional need for water-quality information is to provide a basis on which regionaland national-level policy decisions can be based. Wise decisions must be based on sound information. As a society we need to know whether certain types of water-quality problems are isolated or ubiquitous, whether there are significant differences in conditions among regions, whether the conditions are changing over time, and why these conditions change from place to place and over time. The information can be used to help determine the efficacy of existing waterquality policies and to help analysts determine the need for and likely consequences of new policies.
To address these needs, the U.S. Congress appropriated funds in 1986 for the USGS to begin a pilot program in seven project areas to develop and refine the National Water-Quality Assessment (NAWQA) Program. In 199 1, the USGS began full implementation of the program. The NAWQA Program builds upon an existing base of water-quality studiesof the USGS, as . Federal, State, and local agencies. the are to:
oDescibe current water-quality conditions for a Describe current water-quality conditions for a la rivers, and aquifers.
l Describe how water quality is changing over time.
l Improve understanding of the primary natural and human factors that affect water-quality conditions. This information will help support the development and evaluation of management, regulatory, and monitoring decisions by other Federal, State, and local agencies to protect, use, and enhance water resources.
The goals of the NAWQA Program are being achieved through ongoing and proposed investigations of 59 of the Nation's most important river basins and aquifer systems, which are referred to as study units. These study units are distributed throughout the Nation and cover a diversity of hydrogeologic settings. More than two-thirds of the Nation's freshwater use occurs within the 59 study units and more than twothirds of the people served by public water-supply systems live within their boundaries.
National synthesis of data analysis, based on aggregation of comparable information obtained from the study units, is a major component of the program. This effort focuses on selected water-quality topics using nationally consistent information. Comparative studies will explain differences and similarities in observed water-quality conditions among study areas and will identify changes and trends and their causes. The first topics addressed by the national synthesis are pesticides, nutrients, volatile organic compounds, and aquatic biology. Discussions on these and other waterquality topics will be published in periodic summaries of the quality of the Nation's ground and surface water as the information becomes available.
This report is an element of the comprehensive body of information developed as part of the NAWQA Program. The program depends heavily on the advice, cooperation, and information from many Federal, State, interstate, Tribal, and local agencies and the public. The assistance and suggestions of all are greatly appreciated. 
INTRODUCTION
The Upper Colorado River Basin (UCOL) is 1 of 59 U.S. Geological Survey (USGS) National Water-Quality Assessment (NAWQA) study units. The UCOL study began in October 1993 (Driver, 1994) . A major part of each NAWQA study is retrospective analysis of existing water-quality data. The four goals of the retrospective analysis are:
1. Develop an improved conceptual model of spatial and temporal patterns of concentrations and loads within the study unit;
2. Guide additional data collection;
3. Contribute data to the National Synthesis Program of NAWQA; and 4. Document findings for future NAWQA work.
The UCOL study-unit team has done a retrospective analysis of available surface-water data for nitrogen and phosphorus, which are essential nutrients for plant and animal growth. Results of nutrient retrospective analysis have guided the design of the UCOL surface-water-quality sampling network. Many of the selected sampling sites lack historic water-quality data (Spahr and others, 1996) , and one of the priorities of network design was to select some sites without current or historic water-quality monitoring to expand the spatial extent of available data.
Purpose and Scope
This report documents, summarizes, and provides on 3.5-m diskette the surface-water nutrient data that were collected from January 1980 through August 1994. Interpretive analyses of the data are in Spahr and Wynn (1997) . Ancillary data for parameters, such as water temperature, streamflow, specific conductance, dissolved oxygen, pH, and alkalinity, also are included on the data diskette, if available, but are not summarized in this report. The compiled data base contains 4,927 samples from 123 sites.
Description of Study Unit
The UCOL study unit ( fig. 1 ) consists of the Colorado River and its tributaries that drain the mountains of central and western Colorado. The major tributaries to the Colorado River within the study unit are the Blue, Eagle, Roaring Fork, and Gunnison Rivers. The Colorado River, the largest river within the study-unit basin, flows southwest for about 230 mi from its headwaters in the mountains of central Colorado to the Colorado-Utah State line.
Land use is the major factor affecting nutrient loading within the study unit. Areas that have a rapidly developing infrastructure to support recreational activities within the Fraser and Eagle River Basins and agricultural areas within the Grand Valley and lower Gunnison River Basin are most associated with elevated nutrient loading (Spahr and Wynn, 1997) . The study unit is primarily rural and has a population of 234,000 people (Bureau of Census, 1990 ). More than a quarter of the population resides in the immediate vicinity of Grand Junction, Colo. Although not accounted for in Bureau of Census figures, tourism attracts a large influx of people to the basin during summer and winter (Driver, 1994 ). An extensive analysis of the environmental setting of the UCOL study unit, including land use, physiography, climate, ecoregion, and hydrologic characteristics, is presented in Apodaca and others (1996) .
NITROGEN AND PHOSPHORUS DATA Sources
Data used in the surface-water nutrient analyses were obtained from two sources: (1) The USGS National Water Information System (NWIS) (Maddy and others, 1990) , and (2) the U.S. Environmental Protection Agency (USEPA) STORET (STOrage and RETrieval) system. The STORET system is used as a repository for water-quality data by many agencies. The following agencies provided data for this report: USGS; Colorado Department of Public Health and Environment; U.S. Department of Agriculture, Forest Service; and Denver Board of Water Commissioners.
Retrieval Water-quality data for January 1, 1980, through August 3 1, 1994, were retrieved for sites within the UCOL study unit. Only records containing data for concentrations of nitrate, ammonia, total nitrogen, total phosphorus, orthophosphate, or a related constituent were retained. Effort was made to exclude sample sites that do not reflect ambient stream conditions; therefore, data collected at point sources are not included in this report. In December 1994, STORET records for sites were retrieved. Updates or changes made to data in the STORET system after December 1994 are not included in this report.
Screening
Many sites and samples were excluded from the final data set if definitive correctionsifor erroneous location information, site type, or nutrient data values were not possible. In some instances, data entry errors were discovered and then corrected after verifying data values with the agency that collected the data. The data set was compiled to determine water-quality patterns on a regional scale; therefore, some sites were retained that have only generalized latitude and longitude values. These sites are iden'tifiable by latitude and longitude values that end in "00." Other sites that had comparatively large errors in latitude and longitude or did not represent ambient surface-water conditions were excluded. Additional screening of sites based on quantity of data was performed during data compilation.
Compilation
The NWIS and STORET data were combined into a single data set for analysis after screening for errors. The parameter codes for the STORET data were converted, as necessary, to their NWIS equivalents before merging the two data sets into a single data base. All the NWIS parameter codes and their definitions in the order that they appear on the data diskette provided with this report are listed in Figure 1 . Location of study unit and sampling sites for nutrient data collection.
NITROGEN AND PHOSPHORUS DATA Because many agencies collected the data for different purposes, nutrient parameters are reported in numerous ways. Nutrient parameters were combined to reduce the total number from 20 to a more manageable 5 for data-analysis purposes. Procedures described by Mueller and others (1995, p. 7) for combining nutrient parameters were followed. The combined nutrient parameters summarized in this report, included on the data diskette with other nutrient and ancillary data, and used in interpretive work by Spahr and Wynn (1997) The data set was screened to include only sites that had a minimum of five observations for at least one of the five nutrients listed above. The resulting data set contains 4,927 samples at 123 sites located within the UCOL study unit. The locations of these 123 sites are shown in figure 1. The sites labeled with map reference numbers 1 through 82 are from the USGS NWIS data base, and the remaining 41 sites are from the USEPA STORET data base. Map reference number, site number, and site name for each of the 123 sites that met data-screening criteria are listed in table 2. The data set presented here was used for analysis of the spatial distribution, relation to land use, and temporal trends of nutrient concentrations in surface waters of the UCOL study unit. However, because of especially restrictive data requirements, temporal trend analysis was possible for fewer than 10 percent of the sites for each of the five combined nutrient parameters.
DATA-SET SUMMARY
The selected set of 123 sampling sites for analyzing surface-water quality has widely varying sampling periods. The sample-collection dates range from January 7,1980 , to August 29,1994 . The median sample period of record for individual sites is only 2.5 years, whereas the seventy-fifth percentile is about 12 years. The distribution of sampling dates for the USGS NWIS (map reference numbers l-82) and USEPA STORET (map reference numbers 83-123) sites where nutrient data were collected are shown in figure 2 .
It is important to determine the similarity of sampling frequency and period of record before attempting to compare data values between sites. Sites 11 and 12 on the Williams Fork and sites 15 and 16 on the Blue River were sampled for short, but concurrent, time intervals and would, therefore, be good sites for comparing water quality between the two rivers. However, comparison of the data for these four sites with data from site 63 on Dry Creek, near Delta, Colo., would be misleading because data for site 63 were collected several years later. Sites 49 and 60 were appropriate choices for determining water-quality trends, in part, because they each have many samples collected over a 14.5-year period.
The number of samples and the number of samples collected for each of the five combined nutrient parameters (nitrate, ammonia, total nitrogen, total phosphorus, and orthophosphate) are listed, by site, in table 3. The total number of samples for the whole data set and for each of the five combined nutrient parameters is listed in the last row of table 3. None of the sites have data for all five nutrients for each and every sample. Therefore, for a given site, the number of samples in column 2 of table 3 usually is greater than the number of samples collected for nitrate, ammonia, total nitrogen, total phosphorus, or orthophosphate. Site 22 is typical: the number of samples is 76 but there are only 50 nitrate, 1 ammonia, 0 total nitrogen, 0 total phosphorus, and 69 orthophosphate samples. The number of samples per site is variable. Because sites retained must have at least five samples for one of the combined nutrients, the minimum number of samples listed in table 3 is five. Sixteen of the sites (about 13 percent) have only 5 samples. The median number of samples per site is 14 samples, whereas the seventy-fifth percentile is 65 samples. Site 100, Colorado River near Loma, has the most samples (263), collected from 1980 to 1992. Table 2 . Site identification numbers and site names for map reference numbers in figure 1 [Map reference number is fhe parameter "mapno" in table 1 and on data diskette; site identification number is the parameter "staid" in table I and on data diskette; site name is the parameter "name" in I 1980 1961 1962 1983 1964 1965 1986 1987 1966 1969 1990 1991 1992 1993 1994 YEAR Figure 2 . Distribution of sampling dates for National Water information System (NW&) and STOrage and RETrieval (STORET) surface-water sites for nutrient data collection-Continued. The first line of the file contains the parameter field names in the same order as listed in table 1. The second line of the tile defines the type (n = numeric, s = character string, d = date) and width of each parameter field. Data values begin on line 3 of ucol.txt. Water-quality constituents that have a laboratory reporting limit have a separate character field for remark (data censoring) codes. These remark fields are positioned to the left of their associated constituent. All remark fields have the same name as their associated constituent, except the first letter of the remark field is an "r." For example, the remark fields for the nitrate and pOO600 parameter fields are mitrate and rOO600, respectively. Constituent concentrations reported as above or below a laboratory reporting limit or undetected are considered censored values and have a ">, " "C," or "U" in their remark field. A '9" in the remark field indicates that the actual value is known to be greater than the value in the parameter field for that constituent. A "<" in the remark field indicates the actual value is known to be less than the value in the parameter field for that constituent, whereas a "U" in the remark field indicates the material was specifically analyzed for, but was undetected (Maddy and others, 1990, p. 2-14) . There are several methods for determining the concentration of a given constituent in water; therefore, several different laboratory reporting limits may be present for a single constituent.
To load the data set into a spread sheet or other software package, insert the file as ASCII text, tabdelimited data. For best results, if possible, be sure to import the parameter field for the site identification number (staid, table 1) as character text to preserve the leading zeros for site identification numbers.
An ASCII text version of table 1 is included on the data diskette. The file is named table 1 .txt and is provided so table 1 can be printed out and easily referenced while working with the nutrient data set.
The data set also is available for retrieval on the World Wide Web at: http://webserver.cr.usgs.gov/ nawqa/ucol/ucol-home.html
